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(54) Nonaqueous secondary battery 

(57) A nonaqueous secondary battery comprising 
positive and negative sheet electrodes, each composed 
of a collector coated with an electrode material mixture 
containing the respective active material and a nonaque- 
ous electrolyte containing a lithium salt, wherein the elec- 
trode material mixture is present on both the inner and 
the outer sides of the collector and the coating thickness 
of the electrode material mixture on the inner side of the 
collector of the positive and/or negative electrode(s) is 
smaller than that of the electrode material mixture on the 
outer side of said collector. The battery is excellent in 
charge and discharge cycle characteristics, and the 
sheet electrodes have excellent winding properties when 
rolled up into cylinder. 
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Descripti n 

FIELD OF THE INVENTION 

This invention relates to a cylindrical nonaqueous secondary k>attery which is prepared by spirally rolling a laminate 
of sheet-shaped electrodes and a belt-shaped separator into cylinder and putting the spirally rolled battery into a battery 
case. 

BACKGROUND OF THE INVENTION 

Aqueous batteries, such as lead batteries and nickel-cadmium batteries, have hitherto prevailed as secondary bat- 
teries for general use. While excellent in charge and discharge cycle characteristics, these aqueous batteries are unsat- 
isfactory in terms of energy densrty. Nonaqueous secondary batteries using lithium or a lithium alloy or a cartx>naceous 
material as a negative electrode active material have recently been developed in place of the aqueous secondary bat- 
teries. 

Batteries using lithium active materials are advantageous for their high energy density, reduced self discharge, and 
lightness. The problem assodated with lithium active materials is that metallic lithium grows dendritically during charge 
and discharge to cause an internal short ctrcurt, involving a danger of ignition because of high activity of the dendritical 
metal per se. To solve the problem, a calcined cari3onaceous material capable of intercalating and deintercalating lithium 
has recently been put to practical use. However, the frequency of charge and discharge of secondary batteries is mark- 
edly increasing in use as a mcbWe power source in the recent electronic equipment that has been reducing the size and 
weight, and further improvement in cycle life has been demanded. In particular, secondary batteries suffer deterioration 
of cycle characteristics more easily, when used in electronic equipment requiring a high current for charge and discharge, 
as compared with when used in general use under a low current condition. 

To improve cyde characteristics, it has been proposed to use a cart>onaceous material having a specific graphite- 
like crystal structure parameter value as a negative electrode as disdosed in JP-A-6-1 32032 (the term "JP-A" as used 
herein means an "unexamined published Japanese patent application") and to specify the length of the adhesive tape 
for fixing the end of the roll as disdosed in JP-A-6-1 50971 . However, these techniques are still unsatisfoctory for use in 
electronic equipment requiring a high current for charge and discharge. 

In the case of cylindrical batteries in which sheet-shaped electrodes are rolled into cylinder, the strain of the roll 
must be minimized for smooth insertion of the roll into a battery case. Othenwise. the roll might be angular and could 
not be fitted into the case, or the sheet-shaped electrodes in the central part of the roll might be bent or the active material 
might ^1 off the collector at that part due to the small curvature. These troubles tend to occur particulariy when the 
coating thickness of the electrode is increased to increase the capacity In the light of these drcumstances, improvement 
in winding properties is also demanded. 

In order to improve winding properties, it has been proposed to use a core or to previously shape the beginning of 
a roll to the desired cunmture by means of a tool. However, these means are insufficient for obtaining satisfactory winding 
properties when the sheet-shaped electrode has a large coating thickness. 

Altiiough a nonaqueous battery which is rolled into cylinder is described in JP-A^-34855, the nonaqueous battery 
that the coating thickness of the electrode material mixture on the inner and outer sides of the cdlector is the same, is 
described in JP-A-4-34d55. 

Further, it is descreibed in JP-A-4-12471 that an amount of an active material in the most outer side of tiie sheet- 
shaped electrodes rolled is larger tinan that of tiie most inner side of the sheet-shaped electrodes rolled for improving a 
cyde characteristics 

SUMMARY OF THE INVENTION 

An object of tiie present invention is to provide a cylindrical nonaqueous secondary battery having excellent charge 
and discharge cyde characteristics, particularly suitability to high current charge and discharge. 

Anottier object of the present invention is to provide a cylindrical nonaqueous secondary battery in which sheet- 
shaped electrodes exhibit excellent winding properties when they are rolled up. 

The above objects of tiie present invention are accomplished by a nonaqueous secondary battery comprising pos- 
itive and negative sheet electrodes, each composed of a collector coated with an electrode material mixture containing 
the respective active material and a nonaqueous electrdyte containing a littiium salt wherein the electrode material 
mixture is present on both tiie inner and the outer sides of the collector and the coating ttiickness of the eledrode material 
mixture on tiie inner side of tiie cdlector of tiie positive and/or negative eledrode(s) is smaller ttian tiiat of the electrode 
material mixture on ttie outer side of the collector. 
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BRIEF DESCRIPTION OF THE DRAWING 

Rg. 1 is a cross section of a cylindrical battery prepared in Exanrples. 
5 DETAILED DESCRIPTION OF THE INVENTION 

It is preferable that the coating thickness of the electrode nnaterial mixture on the inner side of a collector is from 60 
to 97%, more preferably from 70 to 95%. most preferably from 75 to 96%, off that off the electrode material mixture on 
the outer side off the collector. 

10 The effects of the present invention are produced if only the coating thickness of the electrode material mixture on 
the inner side of a collector is smaller than that on the outer side off the collector If the coating thickness on the inner 
side is more than 97% of that on the outer side, the electrode material mixture on the inner side terxjs to be wrinkled 
upon being rolled. If the coating thickness on the inner side is not smaller than that on the outer side, the electrode is 
t>ent on being rolled, or the resulting roll becomes angular. 

15 If the coating thickness of the electrode material mixture on the inner side of a collector is less than 60% of that on 
the outer side, the sheet-shaped electrode is curled when the electrode material mixture is pressed onto the collector, 
which leads to not only deterioration of production suitability but reduction in cyde characteristics. 

The effects of the present invention are particularly noticeable when the total coating thickness off the electrode 
material mixture on both the inner and the outer sides of a positive electrode (exclusive of the collector) (hereinafter 

20 simply referred to as a coating thickness of a positive electrode) and the electrode material mixture on both the inner 
and tiie outer sides of a negative electrode (exclusive off the collector) (hereinafter simply referred to as a coating thick- 
ness of a negative electrode) ranges from 330 to 600 ^tm, particularly from 350 to 500 \m. 

It is particularly preferable that the coating thickness on the inner side of a collector should be smaller than that on 
the outer side of the collector in eitiier electrode having a larger coating thickness tiian the other. 

^ The coating thickness on the inner side off a collector in both positive and negative electrodes way be smaller than 
that on the outer side. In this case, it is preferable that tiie total coating tiiickness on the inner side of both the positive 
and negative electrodes is 60 to 97%, more preferably 70 to 95%, of tiie total coating thickness on tiie outer side of botii 
the positive and negative electrodes. 

The effects of the present invention are particularly conspicuous when the t>attery is charged and discharged at a 

30 high cun^ent A charging and discharging current is generally not lower ttian 500 mA, preferably 500 mA to 6 A, more 
preferably 1 A to 5 A. most preferably 1 .3 A to 5 A. 

Where the negative electrode active material of the battery contains a compound mainly comprising an amorphous 
chalcogen compound and/or an anfK)rphous oxide compound containing at least two elements capat)le of intercalating 
and deintercalating lithium and selected from tiie group consisting of the groups lllb, IVb and Vb of the periocOc table, it 

35 is preferable that tiie positive electrode has a thinner electrode material mixture on the inner side of the collector tiian 
that on the outer side. 

In particular, where the negative electrode active material contains a compound represented by fbrnrula (I) shown 
below, the efficiency of litiiium intercalation and deintercalation per unit active material is relatively high so that the 
coating tiiickness of the negative electrode can be made smaller than that of the positive electrode. 

40 

M1M2pM4q (I) 

wherein Mi and Mz, which are different from each other, each represents at least one element selected from the group 
consisting of Si. Ge, Sn, Pb, P, B, Al, As, and Sb; represents at least one element selected from tiie group consisting 
45 of O, S, Se, and Te; p represents a number of from 0.001 to 10; and q represents a number of from 1 .00 to 50. 

Accordingly, the effects of the present invention are exhibited more remarkably where the coating tiiickness of an 
electrode material mixture on the inner side of a collector is smaller than that on the outer side in at least a positive 
electrode. 

The elements of the groups lllb to Vb off tiie periodic table include B, Al, Ga, In, 71, Si, Ge. Sn, Pb, P, As, Sb, and 
50 Bi. prefferaWy B, Al. Ga, In, Tl. Si, Ge, Sn, Pb, P, Sb, and Bi, more preferably B, Al, Si, Ge, Sn. and P 

Specific examples of the negative electrode active material which can be used in the present invention include GeO, 
GeOz, SnO, Sn02. PbO, PbOz, Pb2Q3. Pb304, SbzQs, Sb204. SbaPs. Bl^Pz, B\JD4, and BizOe. and non^ichiometric 
corrpounds of these oxides. 

Preferred off them are SnO, Sn02, GeO, and Ge02. with SnO and Sn02 being particularly prefen-ed. a-PbO-slructure 
55 SnO. rutile-structure Sn02, GeO. and rutile-structure Ge02 are preffen^ed, wrtii a-PbO-st^ucture SnO and rutile-slructure 
Sn02 being particularly preferred. 

More preferred negative electrode active materials are represented by formula (I): 



M1M2pM4q 
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wherein M1 and M^, which are different from each other, each represents at least one of Si. Ge, Sn. Pb, P. B, Al, As, and 
Sb. preferably at least one of Si, Ge. Sn, Pb. P. B, Al. and Sb. more preferably at least one of Si. Ge. Sn. Pb. P. B. and 
Al; W represents at least one of O. S. Se. and Te. preferably at least one of O and S. more preferably O; p represents 
a number exceeding 0 and not exceeding 1 0. preferably from 0.001 to 1 0. wore preferably fr m 0.0 1 to 5. nrx)St preferably 
from 0.01 to 2; and q represents a number of from 1 to 50. preferably 1 to 26. nmre preferably 1.02 to 6. 

The valency of M1 or in formula (I) is not particularly limited and may be either a single valency or a mixed valency. 
The M2 to ratio may vary continuously within a range of from more than 0 to 10 molar equivalents. The anrx)unt of 

represented by q in fonmula (I), continuously varies accordingly. 

Of the compounds represented by formula (I), preferred are those in which W is Sn. i.e.. compounds represented 
by fbmiula (II): 

SnM3pM5q (11) 

wherein M3 represents at least one of Si, Ge, Pb, P. B. Al, As. and Sb^ preferably at least one of Si. Ge, Pb. P. B, Al, and 
Sb. more preferably at least one of Si. Ge. Pb, P, B. and Al; Ms represents at least one of O and S. preferably O; p 
represents a number exceeding 0 and not exceeding 10. preferably a number of from 0.01 to 5. more preferably from 
0.01 to 1 .5. most preferably from 0.7 to 1 .5; and q represents a number of from 1 .0 to 50, preferably from 1 .0 to 26. more 
preferably from 1.02 to 6. 

More preferred of the compounds represented by fomnula (tl) are those represented by formula (III): 

SnM3^0s (III) 

wh rein M3 has the same meaning as defined above, preferably Si; r represents a number e)a:eeding 0 and not exceeding 
5.0. preferably a number of from 0.01 to 1 .5. more preferably from 0.7 to 1 .5; and s represents a number of from 1 .0 to 
26. preferably from 1 .02 to 6. 

Examples of the corrpounds (i.e.. composite oxides comprising mainly oxides) represented by formula (II) or (III) 
include SnSio.01O1.02, SnGeo.01O1.02. SnPbo.01O1.02. SnP0.01O1.025. SnB0.01O1.015. SnAI0.01O1.015, SnSio.01O2.02. 
SnGeo.01O2.02. SnPbo.01O2.02. SnP0.01O2.025. SnB0.01O2.015. SnSio.ogOi.i. SnGeo.o50i.i. SnPbt).o50i.i. 
SnPo.0^1.125. SnB0.05O1.075. SnSio.0502.1. SnGeo.0502.1. SnPbo.0502.1. SnP0.05O2.125. SnB0.05O2.075. SnSio.iOi^. 
SnGeo.iOi.2. SnPbo.iOi.2. SnP0.1O1.25. SnB0.1O1.15, SnSio.i02.2. SnGeoiOg^. SnPbo.i025. SnP0.1O2.25. 
SnB0.1O2.15. SnSio.20i.4. SnGeo.20i .4. SnPbo50i.4. SnPo^Oi.s. SnBo.201.3, SnSio.202.4. SnGeo202.4, SnPbo202.4, 
SnPo.202.5. SnBo502.3, SnSio.30i.6. SnGeo sOi .e, SnPbo.30i .6. SnPo.gOi 75, SnB0.3O1.45. SnSio.302.6. SnGeo302 6. 
SnPbo.302.6. SnP0.3O2.75. SnB0.3O2.45. SnSio.702.4. SnGeo.702.4. SnPbo.702.4. SnP0.7O2.75. SnB0.7O2.05. SnSio.802.6. 
SnGeo.802.6. SnPbo.802.6. SnPosOs, SnBo.802.2. SnSiQa, SnGeOs. SnPbQs. SnPOgg, SnB02.5. SnSii203.4, 
SnGei.2Q3.4. SnPbi5Q3.4, SnPi204. SnBi.202.8. SnSii.5D4. SnGei.^4. SnPbi.504, SnPi504.75, SnBi503.25. 
SnSijOs. SnGe205, SnPbjOs. SnP206, SnB204. SnSi2P6. SnGezOe, SnPbaQe, SnP2p7. SnBaPs, SnSiSs, SnSiSea, 
SnSiTea, SnPS3.5, SnPSeg.g. SnPTe3.5, SnBSg ^. SnBSe2.5. SnBTe2.5. SnPo aOs. SnBo.802.2. and SnSio.25BQ3. 

The valency of Sn and M3 in formula (II) or (III) is not particularly limited and may be a single valency or a mixed 
valency. The ratio of M3 to Sn in the compound represented by formula (II) may vary continuously within a range of from 
0.01 to 10 molar equivalents. Accordingly, the anrount of Ms, represented by q in formula (II), varies continuously. Sim- 
ilarly, the ratio of M3 to Sn in the compound represented by lonnula (III) may vary continuously within a range of from 
0.01 to 5.0 mdar equivalents. Accordingly, the amount of oxygen, represented by s in formula (III), varies continuously. 

Of the compounds represented by formula (HQ. preferred are those represented by formula (IV): 

SnSitPuMS^Os (IV) 

Of the compounds represented by fomnula (IV). preferred are those represented by formula (V): 

SnSitPuAlvOs (V) 

In formulae (IV) and (V). M6 represents at least one of Ge. B. Al. and Pb. preferably at least one of Ge, Al, and B, more 
preferably Al; t represents a number exceeding 0 and not exceeding 2.0, preferably exceeding 0 and not exceeding 1 .5; 
u represents a number of from 0.01 to 4.0. preferably from 0.01 to 3.5; v represents a number of from 0 to 2.0. preferably 
from 0 to 1 .5; and s represents a number of from 1 .0 to 26. preferably from 1 .02 to 10. 

Specific but non-limiting examples of the oxides represented t^ formula (IV) or (V) include SnSi0.25B0.2P0.2Q3. 
SnSi0.5B0.2P0.2O3. SnSio.9Po.1O2.25. SnSio.8Po.203.i. SnSi0.7P0.3O2.75. SnSio.5Po.50355. SnSio.3Po.7O3.35. 
SnSio2Po.803.4. SnSio.5Po.1O2.25. SnSio.1Geo.1Po.9P3.65. SnSio.2Geo.1Po.7O3.35. SnSio.6Geo.4Po.1O3.25. 
SnSio.6Geo.2Po^03.i. SnSio.7Geo.iPo^03.i, SnSio.8Geo.1Po.1O3.05, SnSio.8Geo.1Po.3O3.55. SnSiGeo.1Po.1P3.45. 
SnSiGeo^Po^Ps-S. SnSiGeo.i P0.2P3.7. SnSio.i AI0.1P0.9O3.6. SnSio.sAlo.i P0.7O3.5. SnSio.6AIo.3Po.i02.9. 
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SnSi0.6AI0.2P0.2O3. SnSiaeAIoi P0.3O3.1 . SnSi0.8AI0.1P0.1O3, SnSio.8Alo.i P0.2O3.25. SnSio.8Alo.2Po.203.4» 
SnSi0.7AI0.2P0.3O3.45. SnSio.4Alo.2Po.603.6. SnSiAlo.2Po.403.5. SnSiAlo.iPo.103.4. SnSiAlo5Po.203.8. 
SnSIAto.i P0.2O3.65. SnSio.i Bq.i P0.9O3.6. SnSio.3Bo.i P0.7O3.5. SnSio.6Bo.3Po.i02.9. SnSio.6B05Po.2O3. 
SnSio.6Bo.iPo.303.i, SnSi0.8B0.1P0.1O3. SnSio.8Bo.iPo.303.5. SnSiBo.iPo.103.4. SnSiBo.2Po.203.8. SnSiB0.1P0.2Q3.65. 
SnSio.iPbo.iPo.903.6, SnSio.3Pbo.iPo.703.5. SnSio.6Pbo.3Po.i02.9. SnSi0.6Pb05P0.2O3. SnSio.6Pbo.iPo.303.i. 
SnSio.8Pbo.1Po.1O3, SnSio.8Pbo.iPo.303.5. SnSiPbo.1Po.1O3 4^ SnSiPbo.2Po503.8. SnSiPbo.1P02O3.65. SnPAI0.1O3.65. 
SnPAIo 3O3 95. SnPo 8AI0.1O3 15. SnP0 8AI0.3O2.45, SnPo 5AI0.1O2.4, and SnPo 5AI0.3O2.7. The valency of Sn and M6 are 
not particularly limited and nnay be a single valency or a mixed valency The ratio of to Sn may vary continuously 
within a range of from 0 to 2 molar equivalents, and the anfK)unt of oxygen continuously varies accordingly 

Additional examples of the corrpounds represented by formulae (f) to (V) are shewn below. 

SnSio.iGeo.i Pbo.i02.6. SnSio.2Geo.i02.6. SnSio.2Pbo.i02.6. SnGeo.2Sio.i02.6. SnPbo.2Sio.i02.6. 
SnGeo.2Pbo.i02.6. SnPbo.2Geo.i02.6. SnSio.9Geo.1O3, SnSio.8Geo.2Q3. SnSio.5Geo.5O3. SnSio.9Pbo.1O3. 
SnSio.8Pbo.2O3. SnSio.5Pbo.5Q3. SnGeo.9Sio.1O3. SnGeo.8Sio.2Q3. SnPbo.9Sio.1Q3. SnPbo.8Sio.2O3. 
SnSio.8Geo.1Pbo.1O3. SnPo.9Geo.1O3.45. SnPo.8Geo.203.4. SnPo.5Geo.5Q3.25. SnPo.9Pbo.1O3 45. SnPo.8Pbo.203.4. 
SnPo.5Pbo.sO3.25. SnGeo.9Po.1O3.05. SnGeo.8Po203.i. SnPbo.9Po.1O3.05. SnPbo.8Po.203.i. SnPo.8Geo.iPbo.i03.4. 
SnBogGeo.i 0^.55. SnBo.^eo202.6, SnBo.5Geo.5O2.75. SnBo^Pbo.i 62.55. SnBo.8Pbo.202.6. SnBo.5Pbo.5O2.75. 
SnGeo.9Bo.1O2.95. SnGeo.8Bo502.9. SnPbo.9Bo.i 62.95. SnPbo.8Bo.202.9. SnBo.gGeo.iPbo.i02.6. SnSi0.25B05P0.263. 
SnSio.5B02Po.2Q3. SnSio.9Alo.1O2.95. SnSio.5Alo.0562.75. SnSio.5Alo.1O2.15. SnSio.5Alo.5O2.75. SnSi0.7AI0.362.85. 
SnSiAlo.203.3. SnSio.5Bo.05O2.75. SnSio.5Bo.1O2.15. SnSio.5Bo.5O2.75. SnSio.7Bo.3O2.45. SnSio.9Bo.1O2.95. SnSiBo.203.3. 
SnSio.5Pbo.o^2.75. SnSio.5Pbo.1O2.15. SnSio.5Pbo.5O2.75. SnSio.7Pbo.3O2.45. SnSio.9Pbo.1O2.95. SnSiPbo503.3, 
SnSio.1Geo.1Po.9O3.65. SnSio.2Geo.1Po.7O3.35. SnSio.6Geo.4Po.i0325. SnSio.6Geo5Po.203.i. SnSio.7Geo.iPo203.i. 
SnSio.8Geo.1Po.1O3.05. SnSio.8Geo.1Po.3Ob.55. SnSiGeo.1Po.1O3.45. SnSiGeo.2Po.2Q3.9. SnSiGeo.iPo2Q3.7. 
SnSio.8Geo.1Alo.1O2.95. SnSio.^eo.iBo.i02.95. SnSio.8Geo.iSl)o.i02.95. SnSio.8Geo.i lno.1O2.95. 

SnSio.8Geo.1Pbo.1O2.95. SnSio.8Bo.iAlo.i62.9, SnSio.8Sbo.iAI02.9. SnPAI0.1O3.65. SnPAI0.3O3.95. SnP0.8Alo.1Q3.15. 
SnP0.8AI0.3O2.45. SnPo.5AIo.i02.4. SnPo.5Alo.302.7. PbSio.01O1.02. PbGeo.01O1.02. PbSio.oiC^.02. PbGeo.01O2.02. 
PbPo.oiOi.025. PbBooiOi .015. PbP0.01O2.025. PbGeo.01O2.015. PbSioosOi .1 . PbGeo.o50i .1 . PbSio.0502.1 . 
PW3eo.0502.i. PbP0.05Q1.125. PbB0.05O1.075. PbP0.05O2.125. PbB0.05O2.075. PbSio.i02.2. PbGeo.i022. PbSio.iOi^. 
PbGeo.iOi.2. PbP0.1O2.25. PbB0.1O2.15. PbPo.iOi25. PbB0.1O1.15. PbSio202.4. PbGeo.202.4. PbSio20i.4. 
PbGeo20i.4. PbPo202.5. PbBo202.3. PbPo20i.5. PbBo.20i.3. PbSio.302.6. PbGeo.302.6. PbSio.30i.6. PbGeo.30i.6. 
PbP0.3O2.75. PbB0.3O2.45. PbP0.3O1.75. PbB0.3O1.45. PbSio^Geo.iOge. PbGeo.2Sio.i02.6. PbPo.2Geo.i02.7. 
PbGe02P0.1O2.65. PbBo.2Geo.i02.5. PbGe02B0.1O2.55. PbSio.702.4. PbGeo.702.4. PbP0.7O2.75. PbB0.7O2.05. 
PbSio.802.6. PbGeo.802.6. PbPo.8Q3. PbBo.8022. PbSiQa. PbGe03, PbP03.5. PbB02.5. PbSio.9Geo.1O3. 
PbSio.8Geo.2Q3. PbSio.^eo.sQs. PbPo.9Geo.1O3.45, PbPo.8Geo.203.4. PbPo.56eo.50325. PbBo.9Geo.i 63.65. 
PbBo.8Geo.202.6. PbBo.5Geo.5Q2.75. PbGeo.9Sio.1O3. PbGeo.8Sio2Q3. PbGeo.9Po.1O3.05. PbGeo.8Po2Q3.i. 
PbGeo.9Bo.1O2.95. PbGeo.8Bo.202.9. PbSii.504, PbGei.504. PbP1.5O4.75. PbB1.5Q3.25. PbGezQs. PbSiaQe, PbGezQe, 
PbP207, PbBaPs, GeSio.01O1.02. GeSio.01O2.02. GeSio.o50i.i, GeSio.0502.1. GeSio.iOi2. GeSio.i02.2. GeSio50i.4. 
GeSio.202.4. GeSio.30i.6, GeSio.302.6. GeSio sOe. GeSio.5Q3. GeSio.762.4. GeSio.7C^.4. GeSiOs, GeSi04, GeSii.564, 
GeSi15O5GeP0.01O1.025. GeP0.01O2.025. GeP0.05O1.125. GePo.0562.125. GePo.iOi 25. GeP0.1O2.25. GePo26i.5. 
GePo502.5. GeP0.3O1.75. GeP0.3O2.75. GePo.5Q225. GePo.50325, GeP0.7O2.75. GeP0.7O3.75. GeP03.5, GeP04.5. 
GeP1.5O4.75. GeP1.5O5.75. GeBo.oiOi.oi5. GeB0.01O2.015. GeB0.05O1.075. GeB0.05O2.075. GeBo.iOi.i5. GeB0.1O2.15. 
GeBo.20i .3. GeBo202.3. GeB0.3O1.45. GeB0.3O2.45. GeB0.5O1.75, GeB0.5O2.75. GeB0.7O2.05. GeB0.7O3.05. GeB02.5. 
GeBQ3 5, GeBi 5O355. GeBi 5O425. 

In the present invention, the excellent charge and discharge cycle characteristics as well as high discharging voltage, 
high capacity, and high safety can be ensured by using at least one of the compounds represented by fonmulae (t) to 
(V) as a niain negative electrode active nnaterial. Pronouncedly excellent effects of tiie present invention can be obtained 
by using a compound containing Sn in which Sn is present with divalency as a negative electrode active material. The 
valency of Sn can be determined through chemical titration, for example, according to the method described in Physics 
and Chemistry of Glasses. Vol. 8, No. 4, p. 165 (1967). It is also decided from the Knight Shift in the solid nuclear 
magnetic resonance (NMR) of Sn. For example, in broad-line NMR measurement, metallic Sn (zero valent Sn) shows 
a peak in an extremely low magnetic field in the vicinity of 7000 ppm with reference to Sn(CH3)4, whereas the peak of 
SnO (divalent Sn) appears around 100 ppm, and tiiat of Sn02 (tetravalent Sn) appears around -600 ppm. Uke this, the 
Knight Shift largely depends on the valency of Sn, the center metal, witii tiie ligands being the same. The valency can 
tiius be determined by the peak position obtained by n^Sn-NMR analysis. 

The negative electrode active material of the present invention may contain various compounds, such as conrpounds 
of the group la elements (e.g., Li, Na, K, Rb, and Cs), compounds of transition metals (e.g., Sc, Ti, V, Cr, Mn, Fe, Co, 
Ni, Cu, Zn, Y Zr, Nb, Mo. Tc, Ru, Rh. Pd. Ag, Cd, larthanides, Hf, Ta, W, Re, Os. Ir, R. Au, and Hg), compounds of ttie 
group Ita elements (e.g.. Be, Mg, Ca, Sr, and Ba). and compounds of the group Vllb elements (e.g., F. CI, Br, and 0- 
The negative electrode active material may further contain various compounds (e.g. , compounds of Sb, In or Nb) having 
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electron conductivity as a dopant. The amount of these compounds to be added is preferably up to 20 mol% based on 
the total anmunt of W and M^. 

The composite oxides mainly comprising the oxide represented by formulae (I) to (V) are synthesized by either a 
calcination method or a solution method. 

The calcination method comprises mixing Mi compound and M2 compound (wherein M1 and M2, which are different 
from each other, each represents at least one of Si, Ge, Sn, Pb. R B, Al, As. and Sb) and calcining the mixture. 

The examples of the tin compound include SnO, Sn02, SnzQa. Sn304. Sn70i3 H20, SnsOis. stannous hydroxide, 
stannic oxyhydroxide, stannous acid, stannous oxalate, stannous phosphate, orthostannic acid, metastannic acid, par- 
astannic add, stannous fluoride, stannic fluoride, stannous chloride, stannic chloride, stannous bromide, stannic bro- 
mide, stannous iodide, stannic iodide, tinselenide, tin telluride, stannous pyrophosphate, tin phosphate, stannous sulfide, 
and stannic sulfide. 

The examples off the silicon compound include Si02. SiO; silicon tetrachloride, silicon tetrabromide; halogenated 
organosilicon compounds, such as trichloromethylsilane. dimethyldichlorosilane. and trimethylchlorosilane; organosili- 
con compounds, such as tetramethylsilane and tetraethylsilane; alkoxysilane compounds, such as tetramethoxysilane 
and tetraethoxysilane; and hydrosilane compounds, such as trichlorohydrositane. 

The examples of the germanium compound include GeO^ GeO, germanium tetrachloride, germanium tetrabromide, 
and germanium alkoxide compounds, such as germanium tetramethoxide and germanium tetraethoxide. 

The examples of the lead compound include Pb02, PbO, PbjQa. Pb304. PbCl2. lead chlorate, lead perchlorate, 
lead nitrate, lead cartx>nate. lead formate, lead acetate, lead tetraacetate, lead tartrate, lead diethoxide, and lead di(iso- 
propoxide). 

The examples off the phosphorus compound include phosphorus pentoxide, phosphorus oxychloride, phosphorous 
pentachloride. phosphorus trichloride, phosphorous tribromide, trimethyl phosphate, triethyl phosphate, tripropyl phos- 
phate, stannous pyrophosphate, and boron phosphate. 

The examples of the boron conrpound include boron sesquioxide, boron trichloride, boron tribromide, boron cart>tde, 
boric acid, trimethyl borate, triethyl borate, tripropyl borate, tributyl borate, boron phosphide, and boron phosphate. 

The examples of the aluminum compound include aluminum oxide (a-alumina or p-alumina), aluminum silicate, 
aluminum tri-isopropoxide. aluminum tellurite, aluminum chloride, aluminum borate, aluminum phosphide, aluminum 
phosphate, aluminum lactate, aluminum borate, aluminum sulfide, aluminum sulfate, and aluminum boride. 

The examples of the antimony compound include antimony tribromide, antimony trichloride, diantinrrany trioxide, 
and triphenylantimony 

In addition to the above-mentioned amorphous chalcogen compourxis arxi amorphous oxides, cartx>naceous mate- 
rials, such as thermal decomposition cartx>n, coke (e.g., pitch coke, needle coke, petroleum coke), graphite, glassy 
cartx)n, calcined organic high polymers (e.g.. calcined phenolic resins or furan resins), cart)onf iber, and activated cartx>n, 
can also be used as a negative electrode active material. 

Calcination is preferably carried out at a rate of temperature rise of 4" to 2000**CATiin, more preferably 6** to 
2000*C/min. most preferably 10*» to 2000«CAnin; at a calcination temperature off 250** to 1500*»C, more preferably 350*» 
to 1500'C, most preferably 500* to 1500'C; for a period of 0.01 to 100 hours, more preferably 0.5 to 70 hours, most 
preferably 1 to 20 hours. After cataination, the system is cooled at a rate of temperature drop preferably of 2** to 1 0^^CAnin, 
more preferably 4' to lO^^C/min, still wore preferably 6* to 107<»C/min, nrxjst preferably 10" to lO^^CAnin. 

The term "rate off temperature rise" as used herein means an average rate of temperature rise of from 50% calcination 
temperature CC) to 80% calcination temperature (*»C), and tiie term "rate of temperature drop" as used herein means 
an average rate of temperature drop of from 80% calcination temperature ("C) to 50% calcination temperature ("C). 

Cooling of the calcined product may be conducted either in a calcining furnace or out of the furnace, for example, 
by throwing the product into water. Ultra rapid cooling methods described in Ceramics Processina. p. 21 7, Gihodo (1 987), 
such as a gun method, a Hammer-Anvil method, a slap method, a gas atomizing method, a plasma spray method, a 
centrifugal quenching method, and a melt drag method, can also be used. Furtiier, cooling may be conducted by a single 
roller method or a twin roller method described in New Glass Handbook p. 172, Maruzen (1991). Where the nraterial 
melts during calcination, tiie calcined product may be wrtixJrawn continuously while feeding the raw materials. The melt 
is preferably stirred during calcination. 

The caidning atmosphere preferably has an oxygen content off not more tiian 5% by volume. An inert gas atmosphere 
is more preferred. Examples of inert gas include nitrogen, argon, helium, krypton, and xenon. 

The compound represented by formulae (Q to (V) preferably has an average particle size off from 0.1 to 60 jim. The 
calcined product can be ground to size by means of well-known grinding machines or classifiers, such as a nrwrtar, a 
ball mill, a sand mill, a vibration ball mill, a satellite ball mill, a planetary ball mill, spinning air flow type jet mill, and a 
sieve. If necessary, wet grinding using water or an organic solvent, such as methanol, may be conducted. The grinds 
are preferably classified to obtain a desired particle size either by dry or wet classification by means of a sieve, an air 
classifier, etc. 

Syntiiesis examples off the negative electrode active materials which can be used in the present invention are 
desaibed below only for illustrative purposes but not for limitation. 
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SYNTHESIS EXAMPLE 1 

Tin monoxide (13.5 g) and silicon dioxide (6.0 g) were dry biended. put in an alumina crucible, heated up to 1000*C 
at a rate of 1 S^'C/mn in an argon atmosphere, calcined at that temperature for 1 2 hours, and cooled to room temperature 
at a rate of lO^'CAnin. The calcined product was taken out of the furnace, coarsely ground, and pulverized in a jet mill 
to obtain SnSiQs having an average particle size of 4.5 p,m (hereinafter designated compound 1-A). 

As a result of X-ray drffractometry using CuKa rays, the resulting product showed a broad scattering band with its 
peak around 28* in terms of 26 and no diffraction line assigned to a crystalline structure between 20=40' and 70*. 

In the same manner as described above, the following compounds were synthesized starting with the stoichiometric 
amounts of the respective raw materials. These compounds exhibited a broad scattering band with its peak between 
29=20* and 40* in X-ray diffractometry using CuKa rays. A ratio of the maximum intensity of diffraction due to a crystalline 
structure, if any observed, which appears between 26=40* and 70* (taken as B; B Is zero when no diffraction line is 
obsen/ed) to the peak intensity of the broad scattering band appearing between 26=20* and 40* (taken as A), i.e., a B/A 
ratio is given In the parentheses together with the compound number. 

SnGeOa (compound 1-B; B/A=0) 

SnSi0.8P0.1B0.1O3 (corrpound 1-C; B/A=0) 

SnSio.9Geo.163 (corrpound 1-D; B/A=0) 

SnSlo.9Pbo.1O3 (compound 1-E; B/A=0) 

SnSio.5Geo.5Q3 (compound 1-F; B/A=0) 

SnSio.5Pbo 5Q3 (compound 1-G; B/A=0.3) 

SnGeo.9Pbo.1Q3 (compound 1-H; B/A=0) 

SnSio.802.4 (compound 1-1; B/A=0.1) 

SnSii^Qs.A (compound 1-J; B/A=0) 

SnSli 5O4 (compound 1 -K; B/A=0) 

PbSiQ3 (compound 1-L; B/A=0) 

PbGeOs (compound 1-M; B/A=0) 

PbSio.9Geo.1O3 (corrpound 1-N; B/A=0) 

SnPC^ 5 (corrpound 1-0; B/A=0) 

SnBOg s (compound 1 -P; B/A=0) 

SnSlo.902.8 (compound 1-Q; B/A=0) 

SYNTHESIS EXAMPLE 2 

Tin monoxide (1 .35 g) and silicon dioxide (0.6 g) were dry blended, put In an alumina crucible, heated up to 1 000*C 
at a rate of 1 5*C/min in an argon atmosphere, calcined at that temperature for 1 0 hours, and spread on a stainless steel 
foil in an argon atmosphere for quenching. The resulting product was coarsely ground and pulverized in a vibration mill 
to obtain SnSIQs having an average particle size of 3.5 ^m (hereinafter designated corrpound 2-A). 

As a result of X-ray diffractometry, the B/A ratio of the product was found to be 9.5. 

SYrslTHESIS EXAMPLES 

Tin dioxide (15.1 g) and silicon dioxide (0.6 g) were dry blended, put in an alumina crucible, calcined at 1200*»C for 
1 0 hours in air, cooled to room tenperature, and taken out of the calcination furnace. The calcined product was pulverized 
in a jet mill to obtain SnSio.i02.2 having an average particle size of 4 jim (hereinafter designated compound 3-A). As a 
result of X-ray diffractometry, the B/A ratio was 0. 

In tire same manner, tire following corrpounds were synthesized starting with the stoichiometric amounts of the 
respective raw materials. 

SnSio.3Q2.6 (corrpound 3-B; B/A=2.4) 

SnGeo.i02.2 (conrpound 3-C; B/A=7.4) 

SnGeo 3O2.6 (conrpound 3-D; B/A=4.7) 

SnPbto.i02.2 (compound 3-E; B/A=7.5) 

SnPbo.i02.6 (conrpound 3-F; B/A=16.5) 

SnSlo.iGeo.i02.4 (conrpound 3-<3; B/A=9.5) 

SnSlo.iPbo.i02.4 (compound 3-H; B/A=29.1) 

SnSlo.oi02 02 (compound 3-1; B/A=7.1) 

SnSii 5O5 (compound 3-J; B/A=0) 

SnSizbe (compound 3-K; B/A=0) 

PbSio.i025 (compound 3-L; B/A=5.3) 

PbGeo.302.6 (compound 3-M; B/A=2.3) 
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GeSio.i02.2 (compound 3-N; B/A=0) 
GeSio.302.6 (compound 3-0; B/A=0) 
SnPo.aOg js (compound 3-P; B^A=1.4) 
SnB0.3O2.45 (compound 3-Q; B/A=6.4) 

SYNTHESIS EXAMPLE 4 

Tin nrwncKide (13.5 g). silicon dioxide (4.8 g), and diphosphorus pentoxide (1.42 g) were weighed In dry air at a 
temperature from dew point to 50*^0 and dry blended in a ball mill in this dry air. The blend was put in an alunrrina crudble, 
heated to 1 100*C at a rate of 10"C/min in an argon atmosphere, calcined at that temperature for 10 hours, and cooled 
to room temperature at a rate of 8.3''Cymin to obtain a glassy corrpound. The compound was pulverized in a jet mill and 
air classified to obtain SnSio.8Po,i03.2 having an average particle size of 4 iim (hereinafter designated compound 4-A). 
As a result of X-ray diffraclometry, the B/A ratio was 0. 

In the same manner, the following compounds were synthesized starting with the stoichiometric amounts of the 
respective raw materials. Sb2Q3 was used as an antimony source. 

SnSio.9Po.1O3 05 (compound 4-B; B/A=0) 

SnSio.7Po.3O3.15 (compound 4-C; B/A=0) 

SnSio.5Po.5O3 25 (compound 4-D; B/A=0) 

SnSio.2Po.803.4 (compound 4-E; B/A=0) 

SnSio.8Po.1Sbo.1O3 (compound 4-F; B/A=0.5) 

SYNTHESIS EXAMPLE 5 

Tin monoxide (10.78 g), silicon dioxide (3.6 g), stannous pyrophosphate (4.1 1 g), and germanium dioxide (2.1 g) 
were dry blended in a ball mill, put in an alumina crucible, heated to 1 1 00**G at a rate of 1 0**CAnin in an argon atmosphere, 
calcined at that temperature for 10 hours, and thrown into water in an argon atmosphere for rapid cooling to obtain a 
glassy compound. The resulting compound was wet ground in a ball mill using water as a grinding medium and then, 
as dispersed in water, passed through a 25 fun sieve to remove coarse particles. Water was renxaved by decantation, 
and the solid was dried at 150**C for 1 hour to obtain SnSio.6Po.2Geo503.i having an average particle size of 3.1 fim 
(hereinafter designated compound 5-A). As a result of X-ray diffractometry, the B/A ratio was 0. 

In the same manner, the following compounds were synthesized starting with the stoichiometric amounts of the 
respective raw materials. Al^a was used as an aluminum source. 

SnSio.yGeo.iPo^Oa 1 (compound 5-B; B/A=0) 

SnSio.6Geo.4Po.iQ355 (compound 5-C; B/A=0) 

SnSio.2Geo.1Po.7O3 35 (compound 5-D; B/A=0) 

SnSi0.8P0.1AI0.1O3 (compound 5-E; B/A=0) 

SnSi0.8P0.2AI0.1O3.25 (compound 5-F; B/A=0) 

SnSio.6Po.iAlo.302.9 (compound 5-G; B/A=0) 

SnSio.6Po.3Alo.i03.i (compound 5-H; B/A=0) 

SnSio.3Po.7AIo.i03.5 (corrpound 5-1; B/A=1.5) 

SnSio.8Po.203.i (corrpound SJ; B/A=0) 

SnSio.6Po.4Alo.203.5 (conpound 5-K; B/A=0) 

SnSio.iPo.9Alo.i03.6 (compound 5-L; B/A=0) 

SnSio.8Alo5Po.203.4 (compound 5-M; B/A=0) 

SnSi0.7AI0.2P0.3O3.45 (compound 5-N; B/A=0) 

SnSio.4Alo5Po.603.6 (conpound SO; B/A=0) 

SnPAIo.iOs 65 (conpound 5-P; B/A=0) 

The positive electrode active material which can be used in the present inverrtion may be a transition metal oxide 
capable of reversibly intercalating and deintercalating a lithium ton but is preferably a lithiurTHX)ntaining transition metal 
oxide. 

Lithium-containing transition metal oxides which can be used as a positive electrode active material include, for 
preference, lithiunrwntaining oxides of Ti. V. Cr. Mn. Fe, Co, Ni. Cu, Mo or W. TTie oxide may contain other alkali metals 
(the group lA and IIA elements) in addition to Li and/or semimetals, such as Al. Ga, In, Ge. Sn, Pb, Sb. and Bi. The ratio 
of tiiese additional elements is preferably up to 10 mol% based on tiie total amount of W and M^. 

Preferred of the U-containing transition metal oxides as a positive electrode active material are those prepared from 
a mixture of a lithium conpound and at least one conpound of a transition metal selected from Ti, V. Cr, Mn, Fe, Co, 
Ni. Mo, and W at a lithium compound/total transition metal compounds molar ratio of 0.3 to 2.2. 
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More preferred are those prepared from a mixture of a lithium compound arxJ at least one compound of a transition 
metal selected from V, Cr, Mn. Fe, Co, and Ni at a lithium compoundAtolal transition metal compounds molar ratio off ffrom 
0.3 to 2.2. 

The most prefered are those represented by formula Li^MOz (M represents at least one transition metal selected 
from Co. Mn. Ni, V, and Fe; x is from 0.3 to 1 .2; and z is from 1 .4 to 3). 

Suitable examples of the lithium-containing metal oxide positive electrode active material which can be preferably 
used in tiie present invention include UxCo02. UxNiOa UxC0aNii.a02. UxCObVi_bOz. UxC0bFei.b02. UxMn2p4, 
LjxMncC02.c04, LixMncNi2^04. LixMncVg-cO^. UxMncFe2.c04. a mixture off IJxMn204 and Mn02, a mixture of LigxMnOa 
and MnOa a mixture of IJxMni04, Li2xMnQ3, and Mn02 (wherein x = 0.6 to 1 .2; a = 0.1 to 0.9; b = 0.8 to 0.98; c = 1 .6 
to 1.96; and z = 2.01 to 5). 

The most prefenred examples of the lithium-containing metal oxide positive electrode active niaterials include Lix- 
C0O2, UxNi02. UxC0aNii.a02, UxMn204, and UxCObVi^bOz (wherein x = 0.7 to 1 .04; a = 0.1 to 0.9; b = 0.9 to 0.98; z = 
2.02 to 2.3). 

The value x in tiie above formulae is the value t>efbre commencement of charging and discharging arxJ varies with 
charge and discharge. 

In the synthesis of a positive electrode active material, chemical intercalation of a litiiium ion into a ti^nsition metal 
oxide is preferably achieved by reacting metallic lithium, a lithium alloy or butyl lithium wrtii tiie transition metal oxide. 

The above^Jescnhed litiiium-conlaining transition metal oxide as a positive electrode active material can be syn- 
thesized by mixing a lithium compound and at least one transition metal compound, tollowed by calcination (calcination 
method) or by reacting these materials in a solution (solution method). The calcination method is preferred. 

Calcination is carried out at a calcination temperature selected from the range in which at least part of the mixed 
compounds may be decomposed and melted, for example, from 250* to 2000**C, preferably from 350° to 1500*C. 

While not limiting, calcination for the synthesis off a positive electrode active material is preferably cam'ed out in air 
or a gas having a relatively high oxygen concentration (e.g.. about 30% or higher), while that for a negative electrode 
active material is preferably performed in air, a gas having a reduced oxygen concentration (e.g.. about 10% or less), 
or an inert gas (e.g., nitrogen or argon). 

While not limiting, the positive electrode active material to be used in the present invention preferably has an average 
partide size off from 0.1 to 50 ^m. 

The resulting positive electrode active material can be ground to the desired size by means off well-known grinding 
machines or dassrffiers. such as a mortar, a ball mill, a vibration ball mill, a satellite ball mill, a planetary ball mill, spinning 
air flow type jet mill, and a sieve. 

The negative electrode active material to be used in the present invention can be obtained by chemically intercalating 
lithium into a negative electrode active material precursor. For example, intercalation of a lithium ion into the precursor 
oxide is achieved by reacting the precursor with metallic litiiium, a lithium alloy or butyl litiiium, or through an electro- 
chemical means. 

In the present invention, electrochemical intercalation of lithium into a precursor oxide is particularly preferred. Elec- 
trochemical intercalation off a lithium ion can be performed by discharging an oxidatiorvreduction system, either an open 
system (electrolysis) or a dosed system (battery), composed off a target oxide (i.e., tiie negative electrode active material 
precursor according to the present invention) as a positive electrode active material, and a nonaqueous electrolyte 
containing a metallic litiiium and a lithium salt as a negative electrode active material. Alternatively and preferably, elec- 
trochemical intercalation can be achieved by charging an oxidation-reduction system, eitiier an open system (electrol- 
ysis) or a dosed system (battery), composed off a lithiunrHX)ntaining transition metal oxide as a positive electrode active 
material, a negative electrode active material precursor as a negative electrode active material, and a nonaqueous 
electrolyte containing a litiiium salt. 

The amount off lithium to be intercalated into an oxide is not particularly limited. For example, lithium is prefferaWy 
intercalated to reach 0.05 V. more preferably 0. 1 V, most preferably 0.15 V. with respect to U-AI (80-20% by weight). The 
above amount off litiiium intercalated corresponds to 3 to 10 equivalents, and the ratio off a negative electrode active 
material to a positive electrode active material is decided in conformity with ttiis equivalent amount It is preferable to 
use a negative electrode active material in an anrx)unt based on the calculated ratio multiplied by 0.5 to 2. Where any 
other substance than a positive electrode active material, e.g., metallic lithium, a litiiium alloy or butyl lithium, is used as 
a lithium source, the amount of a positive electrode active material to be used is dedded in conformity with the equivalent 
amount of lithium released (i.e.. deintercalated) from the negative electrode active material. In this case. too. the positive 
electrode active material is preferably used in an am unt based on the calculated ratio multiplied by 0.5 to 2. 

The precursor oxide off the present invention has a crystal structure but. as lithium is intercalated, the oxide reduces 
its crystal properties to turn amorphous. Therefore, tiie compound which reversit)ly undergoes oxidation and reduction 
as a negative electrode active material is assumed to have a highly amorphous structure. Accordingly, the precursor 
oxide may have any off a crystal structure, an amorphous structure, or a mixed structure thereoff. 

Negative electrode active materials which can be used in conrtoination with the negative elecb-ode active material 
of the present invention indude metallic lithium, lithium alloys (e.g.. alloys witii Al. Al-Mn, Al-Mg, Al-Sn, Al-ln or Al-Cd), 
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and calcined cartx>naceous compounds capable of intercalating and deintercaiating a lithium i n or metallic lithium. The 
purpose of the combined use of metallic lithium or a lithium alloy is not to utilize the dissolution-precipitation reaction of 
metallic lithium, etc. as an electrode reaction but to intercalate lithium into a precursor oxide within a battery. 

An electrode material mixture to be used in the present invention comprises the above^iescribed active material, 
a conducting agent, a binder, a filler, and so forth. 

The conducting agent may be any electron-conducting material which undergoes no chemical change in an assem- 
bled battery. Suitable conducting agents include natural graphite (scale graphite, flake graphite, lumpy graphite, etc.), 
artificial graphite, cartx)n black, acetylene t)lacK KeQen black, cart)on fiber, metal powders (e.g., copper, nickel, aluminum 
or silver powder), metallic fibers, polyphenylene derivatives, and mixtures of two or nfx>re thereof. A combination of 
graphite and acetylene black is particularly preferred. The graphite/acetylene black combination may further contain 
nickel powder. The chain nickel powder is particularly preferred. 

The conducting agent is preferably used in an amount of from 1 to 50% by weight, more preferably from 2 to 30% 
by weight Cartx>n or graphite is preferably used in an amount of from 2 to 20% by weight Where a precursor oxide has 
been given electron conductivity by doping, for exanrple, Sn02 with Sb, the above-mentioned amount of the conducting 
ag nt can be decreased, e.g.. to 0 to 10% by weight. 

The examples of binder include polysaccharides, thermoplastic resins, and rubbery polymers; such as starch, pol- 
yvinyl alcohol, cartxjxymetiiyl cellulose, hydroxypropyl cellulose, regenerated cellulose, diacetyl cellulose, polyvinyl chlo- 
ride, polyvinyl pyrrolidone. tetrafluoroethylene, polyvinylidene fluoride, polyetiiylene, polypropylene, ethylene-propylene- 
diene terpolymers (EPDM). sulfonated EPDM, styrene-butadiene rubbers, polybutadiene, fluorine rubbers, polyethylene 
oxide. arxJ mixtures of two or rTx>re thereof. In using a compound having a functional group reactive with lithium, such 
as a polysaccharide, it is preferat)le to deactivate tiie functional group by addition of a conrpound having an isocyanate 
group. The binder is used in an anfK}unt of preferat)ty 1 to 50% by weight, more preferably 2 to 30% by weight, based 
on the positive electrode active material. 

The filler to be used in tiie present invention is not particulariy limited as long as it is a f brous material undergoing 
no chemical change in an assembled battery. Suitable examples of fillers include fil>ers of polyolefins (e.g., polypropylene 
or pdyetiiylene), glass fiber, and cartoon f ber. While not limiting, tiie filler is preferably used in an anrxxint of from 0 to 
30% by weight, based on tiie positive electrode active material. 

The nonaqueous electrolytic solution which can be used in tiie nonaqueous secondary battery of the present inven- 
tion consists of at least one organic solvent and at least one lithium salt solut)le in the solvent Suitable examples of 
rganic solvents include aprotic solvents, such as propylene cartx)nate, ethylene carix>nate, butylene cart)onate, dime- 
thyl carlx)nate, dietiiyl cartx)nate, ybutyrolactone, 1.2-dimettioxyethane, tetrahydrofuran. 2-mettiyltetrahydrcfuran, 
dimethyl sulfoxide, 1 ,3-dioxolane, fbrmamide, dimethytformamide, dioxolane. acetonitrile, nitromettiane. methyl formate, 
methyl acetate, methyl propionate, ethyl propionate, phosphoric triesters. trimethoxymethane, dioxolane derivatives, 
suHblane, 3-methyl-2-oxazolidinone, propylene cartx>nate derivatives, tetrahydrofuran derivatives, ethyl ether, and 1,3- 
propanesuttone. These solvents may be used either individually or in combination of two or more thereof. Suitable exam- 
ples of litiiium salts soluble in these solvents include IJCIO4, LiBFe, LiPFe, IJCF3SO3. IJCF3CO2, LiAsFe. LiSbFe, 
LiBioCho, lower fatty add salts, LiAICU, LiCI, LiBr, Lil, chloroboran lithium, and lithium tetraphenylborate. These lithium 
salts may be used either individually or in combination of two or more thereof. In particular, a solution of LiCFaSOa. 
IJCIO4. LJBF4 and/a LiPFe in a mixed solvent of propylene carix)nate or etfiylene cartxxiate and 1 .2-dimetiioxyethane 
and/or diethyl cartxyiate is a preferred electrolytic solution. A prefenred electrolytic solution contains at least ethylene 
cartwnate and LiPFe. 

The anrx)unt of tiie electrolytic solution to be used in a battery is not particularly limited and can be selected according 
t the amounts of the positive and negative electrode active materials or tiie size of the battery. 

In using a mixed solvent, the mixing ratio is not particulariy limited. In the case of a mixed solvent consisting of 
propylene cartx)nate or etiiylene cartx)nate or butylene cartxxiate and 1,2-dimethQxyethane and/or diethyl cartx)nate, 
for example, a preferred ratio of propylene cartx)nate or ethylene cart>onate or txjtylene cartx)nate to 1,2-dimethox- 
yetiiane and/or dietiiyl cartx)nate is 0.4/0.6 to 0.6/0.4 by volume, witii a preferred ratio of etiiylene cartx)nate to butylene 
cartx)nate being 0.4A).6 to 0.6/0.4 by volume, and a preferred ratio of 1 .2-<Jimethoxyetiiane to diethyl carbonate being 
0.4/0.6 to 0.6/0.4 by volume. 

While not limiting, the concentration of the supporting electrolyte is preferably from 0.2 to 3 mol per liter of the 
electrolytic solution. 

In addition to the electrolytic solution, inorganic or organic solid elecbrolytes may also be employed. 

Examples of suitable inorganic solid electi^olytes include litiiium nitride, a lithium halide, and a lithium oxyadd salt. 
Among them preferred are U3N, Ul, U5NI2, U3N-UI-UOH, USi04. USi04-Ul-LiOH, xU3P04-(1-x)U4Si04, Lj^iS3, and 
phosphorus sulfide compounds. 

Examples of suitable organic solid electrolytes include polyethylene oxide derivatives or polymers containing tiie 
same, polypropylene oxide derivatives or polymers containing the same, polymers containing an ion dissociation group, 
a mixture of a polymer containing an ion dissociation group and the atxive-mentioned aprotic electrolytic solution. arxJ 
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phosphoric ester polymers. A combination of polyacrylonitrile and an electrolytic solution and a combination of an organic 
solid electrolyte and an inorganic solid electrolyte are also known. 

As a separator, an insulating thin film having high ion permeability arxl prescrik}ed mechanical strength is used. A 
sheet or nonwoven fabric made of an olefin polymer (e.g. , polypropylene), glass fiber or polyethylene is usually employed 
for their organic solvent resistance and hydrophobic properties. The pore size of the separator is selected from the range 
generally used for batteries, .g., from 0.01 to 1 0 ]ifr\. The thickness of the separator is selected from the range generally 
used for batteries, e.g.. from 5 to 300 p.m. 

For the purpose of improving charge and discharge characteristics, the electrolytic solution may contain other com- 
pounds, such as pyridine, triethyl phosphite, triethanolamine, a cyclic ether, ethylenediamine. n-glyme, hesophosphoric 
acid triamide. a nitrobenzene derivative, sulfur, a quinoneimine dye. an N-substituted oxazolidinone, an N,N'-substituted 
imidazolidinone, an ethylene glycol dialkyi ether, a quaternary ammonium salt polyethylene glycol, pyrrole, 2-methox- 
yethanol, A^C/3, a nfK)nomer providing a conductive polymeric active material, trietiiylene-phosphoramide, a trialkyl- 
phosphine, rTX)rpholine, an aryl compound having a cartx>nyl group, hexamethylphosphoric triamide, a 4- 
alkylmorpholine. a bicyclic tertiary amine, an oil, a quaternary phosphonium salt and a tertiary suKonium salt 

In order to make the electrolytic solution incombustit)le, a halogen-containing solvent, such as cartx>n tetrachloride 
or trrftuorochloroethytene, may be added to the electrolytic solution. In order to make the electrolytic solution resistarrt 
to high-temperature preservation, carisonic acid gas may be incorporated tiiereto. 

The positive or negative electrode active material mixture may contain an electrolytic solution or an electrolyte. For 
example, it is krxwn to add the above-mentioned ion-corxiuctive polymer, nitromethane, or an electrolytic solution to 
the active material mixture. 

The surface of the positive electrode active material may be nrxxJified by treating with an esterification agent, a 
chelating agent, a conductive high polymer, polyethylene oxide, and the like. 

The surface of the negative electrode active material may also be nrxxJified by, for example, provicfing a layer com- 
prising an ion-conductive polymer or polyacetylene or treating with UC/. 

A collector for an active material may be made of any electron-conducting substance which urxjergoes no chemical 
change in an assembled battery. Suitable examples of materials of a collector for the positive pole include stainless 
steel, nickel, aluminum, titanium, calcined cartx)n; and aluminum or stainless steel with its surface treated with cartx>n, 
nickel, titanium or silver. Suitable examples of materials of a collector for the negative pole irx^lude stairtless steel, nickel, 
copper, titanium, aluminum, calcined carix>n; copper or stainless steel with its surface treated with cartx>n. nickel, titanium 
or silver; and an A/-Cd alloy. These materials may be subjected to surface oxidation. The collector may have a variety 
of forms, such as a foil, a film, a sheet, a net, a punched sheet, a latii, a porous body, a foamed body, a fibrous body, 
and so on. While not limiting, tiie thickness of the collector is preferably from 1 to 500 ^m. 

Drying or dehydration of a sheet electrode is conducted by a general mearis, preferably hot air. vacuum, infrared 
rays, far infrared rays, electron rays, and low humidity air, either alone or in combination thereof. The drying tenrperature 
preferably ranges from 80** to 350**C, arxJ more preferably from 1 00*" to 250''C. From the viewpoint of charge and (fis- 
charge cyde characteristics, drying is preferably effected so such an extent that the positive and negative electrode 
material mixtures and the electrolyte may each have a water content of not more than 500 ppm, with the total battery 
water content being not more than 2000 ppm. 

Compression of the sheet electrode may be csuried out by a generally employed means, and preferably by pressing 
in a mold or calendering. The pressing pressure is preferably from 0.2 to 3 t/cm^. The pressing speed in calendering is 
preferably from 0.1 to 50 m/min. The pressing temperature is preferably from room temperature to 200*^0. 

The cylindrical battery of the present invention is assembled as follows. Reference is made to Rg. 1 . A laminate of 
positive sheet electrode 8, negative sheet electrode 9, and separator 10 is rolled into cylinder (or ellipsoid), and the roll 
is inserted into battery case 1 1 . The sheets and the case are electrically connected, arxj an electrolytic solution is poured 
into the case. The case is sealed with sealing top 12 to conplete a t>attery. In Rg. 1, numerals 13 and 14 indicate a 
gasket and a safety valve, respectively. A safety valve may be used as a sealing top. Various known safety elements 
may also be provided. For example, a fuse, a bimetal, a PTC element, etc. may be used as an element for prevention 
of over-current. In addition to a safety valve, an increase in inner pressure may be coped with by making cuts on a battery 
case, making cracks in a gasket, or making cracks in a sealing top. A countermeasure for overcharge or overdischarge 
may be incorporated into the circuit of a charging machina 

A battery case and a lead-out plate are made of an electrically conductive metal or alloy, such as iron, nickel, titanium, 
chrontium, molytxienum, copper, aluminum, and alloys thereof. The cap. case, sh et and lead can be joined by a known 
welding technique, such as direct current or alternating current electric welding, laser welding or ultrasonic welding. The 
sealing top can be sealed with a known sealing compound, such as asphalt 

The charge of the battery of the present invention may be either constant current charge or constant voltage charge. 
The cut-off voltage in charging, which is detected in terms of either voltage or time, is 3.9 to 4.25 V, preferably 3.95 to 
4.2 V. More preferably charging is conducted with the current per unit area of tiie opposing electrode being 0.1 to 10 
mA/cm?, particularly 0.5 to 6 mA/cm2. 
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The detection accuracy of the cut-off voltage in voltage-controlled charging is not more than 3%, preferal)ly 2% or 
less. In order to obtain this detection accuracy, the precision of the parts to be used is increased, and the variation 
breadth from a standard power source is adjusted within the above range. 

The applicatbn of the nonaqueous secondary battery of the present invention is not particularly limited. F=6r example, 
it is useful in electronic equipment, such as notebook-size color or nrK)nochromatic computers, pen input computers, 
pocket-size (painrrtop) computers, notebook-size word processors, pocket-size word processors, electronic book players, 
pocket phones, wireless phone extensions, pagers, handy terminals, portable facsimiles, portable copying machines, 
portable printers, headphone stereos, video cameras, Ik^uid crystal TV sets, handy cleaners, portable CD, mini disk 
systems, electrical shavers, machine translation systems, land mobile radiotelephones, transceivers, electrical tools, 
portable calculators, memory cards, tape recorders, radios, backup powers, and so on; automobiles, electrically-powered 
vehicles, motors, lights, toys, family (home) computers, load conditioners, irons, watches, stroboscopic lamps, cameras, 
medical equipment (e.g.. pacemakers, hearing aids, and massaging machines); military equipment; and spacecraft 
equipment The nonaqueous secondary battery of the present invention may be used in combination with solar batteries. 

The present invention will now be illustrated in greater detail with reference to Exanrples. but the present invention 
should not be construed as being limited thereto. Unless othenvise indicated, all the percents are by weight. 

EXAMPLE 1 

Petroleum pitch was subjected to oxygen crosslinking to a degree of 10 to 20% and then calcined in an inert gas at 
1 0OO^'C. The true specific gravity of the calcined product measured with a pycnometer was 1 .54 g/cm3. The product was 
pulverized in a jet mill to an average particle size of 20 ftm. 

A negative electrode material mixture was prepared by mixing 90% of the above-prepared particles as a negative 
electrode active material with 1 0% of polyvinylidene fluoride (hereinafter abbreviated as PVDF) as a binder. The mixture 
was dispersed in N-methylpyrrolidone. and the dispersion was applied on both sides of a 10 pm thick copper foil by an 
extrusion coating method and. after drying, compressed by calendering and cut to size to obtain a 41 mm wide and 300 
mm long negative electrode having a 80 pm thick electrode material mixture on each side thereof. 

A mixture of 87% of commercially available UC0O2 as a positive electrode active material. 6% of flake graphite, 3% 
of acetylene black, and. as binders. 3% of an aqueous dispersion of potytetrafluoroethylene and 1% of sodium polyacr- 
ylate was kneaded with water, and the resulting sluny was applied on both sides of a 20 pm thick aluminum foil, dried, 
and compressed in the same manner as for the negative electrode. The resulting sheet was cut to size to obtain a 41 
mm wide and 270 mm long positive electrode, in which the electrode material mixture on each side thereof had the 
thickness shown in Table 1 below, with the total coating thickness on both sides being 150 |im. 

A laminate of the positive electrode, the negative electrode, and a separator was rolled up into cylinder and assem- 
bled into a battery having the structure shown in Rg. 1 . The state of the sheet electrodes during rolling was observed 
with the naked eye, and the winding properties were evaluated acoordng to tiie following standard. 

Good No problem 

Medium Cracks and wrinkles on the coated surface were markedly observed. 
Bad The electrode material mixture peeled off the collector. 

Ten batteries were prepared for each run and tested by repeating charging at a constant current of 300 mA to a cut- 
off voltage of 4.2 V and discharging at a constant current of 700 mA to a cut-off voltage of 2.7 V. An average capacity 
of the 10th cycle (hereinafter referred to as an initial capacity) and an average capacity of tiie 150th cycle of tiie 10 
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batteries were obtained. The results are shown in Table 1 . 
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As is apparent from the results of Table 1 , excellent winding properties and cyde characteristics are obtained when 
the coating thickness on the inner side of a collector is smaller than that on the uter side of the collector. It is seen that 
a preferred coating thickness of the inner side ranges from 60 to 97% of that on the outer side. 

5 EXAMPLE 2 

Positive and negative electrodes were prepared and evaluated in the same manner as in Example 1, except for 
varying the total coating thickness of the negative electrode and the positive electrode (exclusive of the collectors) as 
shown in Table 2 below. In TatHe 2. the results of the charge and discharge cyde test are expressed in terms of capacity 
10 retention, i.e.. a ratio (%) of the capacity of the 150th cyde to the initial capacity. 



TABLE 2 



IS 


Run No. 


Total Thickness of 
Positive and Nega- 
tive Electrodes (^m) 


Inner Side/Outer 
Thickness Ratio (%) 


Side Winding 
Properties 


Capacity Retention (%) 


Remark 




1 


290 


81.5 


good 


91.3 


invention 




2 


310 


81.5 


good 


91.5 


invention 


20 


3 




100 


medium 


87.5 


comparison 




4 


330 


81.5 


good 


92.7 


invention 




5 


m 


100 


medium 


81.2 


comparison 




6 


370 


81.5 


good 


93.6 


invention 


25 


7 


ft 


100 


bad 


80.0 


conrparison 




8 


420 


81.5 


good 


92.0 


invention 




9 


H 


100 


bad 


78.9 


conrparison 


30 


10 


520 


81.5 


good 


91.5 


invention 




11 


fi 


100 


bad 


77.6 


comparison 




12 


620 


81.5 


medium 


90.0 


invention 


or 


13 




100 


bad 


73.1 


comparison 



The winding properties and cyde characteristics tend to be reduced as the total coating thickness of the positive 
and negative electrodes increases over 330 urn, but as is apparent from the results of Table 2, the present invention 
40 makes it possible to retain sati^ctory winding properties and cyde characteristics even with the total coating thickness 
of 330 \im or more. However, rf the total coating thickness exceeds 600 ^m, the sheet electrodes cannot be prevented 
from aaddng, and the cyde characteristics begin to be reduced. It is thus understood tiiat a preferred total coating 
thickness of positive and negative electrodes ranges from 330 to 600 ^m. 

45 EXAMPLE 3 

A negative electrode material mixture was prepared by mixing 83% of compound 4-D prepared in Synthesis Example 
1 , 9% of flake graphite. 3% of acetylene black, and 4% of PVDF. The mixture was kneaded with water together with 1% 
of cartx)xymetfiyl cellulose to prepare a slurry. 

50 The slurry was applied on both sides of a 1 0 ftm tiiick copper foil by an extrusion coating method, dried, and com- 
pressed by calendering and cut to size to obtain a 41 mm wide and 270 mm long negative electrode having a 36 \itr\ 
thick electrode material mixture on each side thereof. 

A mixture of 94% of commercially available IJC0O2 as a positive electrode active material, 3% of acetylene blacK 
and 2% of a 2-etiiylhexyl acrylate/aaylonitrile/acrylic acid (8:1 :0.5) copolymer was Kneaded with water together witti 

55 1% of cartx)xymethyl cellulose in the same manner as for the negative electrode material mixture. The resulting slurry 
was applied on both sides of a 20 ^im thick aluminum foil, dried, and compressed in tiie same manner as for tiie negative 
electrode. The resulting sheet was cut to size to obtain a 41 mm wide and 255 mm I ng positive lectrode. in which the 
electrode material mixture on each side tiiereof had the coating thickness shown in Table 3 below, with tiie total coating 
thickness on both sides being 260 ^m. 
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The winding properties of the sheet electrodes and the cycle characteristics of the assembled t)atteries were eval- 
uated in the same manner as in Example 1 . The results ot>tained are shown in Table 3. 
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As is apparent from the results of Table 3. the effects of the smaller coating thickness of the Inner side electrode 
material mixture as conrpared with the outer side electrode material in a positive electrode are significantly manifested 
where the positive electrode has a larger coating thickness than a negative electrode as in this Example. It is also seen 
that the battery performance are satisfactory particularly with the coating tiiickness on the inner side ranging from 60 to 
97% of that on the outer side. 

Separately, a negative electrode was prepared in tiie same manner as in Example 1 , except that tiie total coating 
thickness on both sides was 1 70 iim (hereinafter designated negative electrode A-1). A positive electrode was prepared 
in the same manner as in Example 3, except that the total coating tiiickness on both sides was 162 ^m. The laminate 
of the negative and positive electrodes having a total coating thickness of 332 p.m was rolled and assembled into a 
battery having tiie same size as descnbed above. As a result of evaluation, the initial capacity was about 2/3 of that of 
the battery prepared by using tiie above-described negative electrode comprising compound 4-D (designated negative 
electrode 4-D). Therefore, the cycle characteristics were re-evaluated by calculating the capacity retention (%) after 150 
cycles based on the initial capacity. 



TABLE 4 



Run No. 


Inner Side/Outer Side 
Thickness Ratio (%) 


Capacity Retention 


Remark 






Negative Electrode A-1 (%) 


Negative Electrode 4-D (%) 




1 


100 


86.3 


86.5 


comparison 


2 


92.6 


88.1 


88.0 


inverrtion 


3 


83.1 


93.0 


90.1 


invention 


4 


62.5 


91.0 


88.5 


invention 


5 


57.6 


88.0 


87.9 


invention 


6 


108 


69.8 


70.0 


comparison 



It is seen from tiie results in Table 4 that the effects of the present invention produced by changing the coating 
tiiickness ratio are displayed more remarkak)ly in using negative electrode 4-D as compared with in using negative 
electrode A-1. 

EXAMPLE 4 

Tin monoxide (13.5 g) and silicon monoxide (6.0 g) were dry blended, put in an alumina crucible, heated up to 
lOOO^^C at a rate of lO^'C/min in an argon atmosphere, caldned at tiiat temperature for 12 hours, and cooled to room 
temperature at a rate of 6**C/min. The calcined product was taken out of the furnace, coarsely ground, and pulverized 
in a jet mill to obtain SnSiOs having an average particle size of 5 fim. 

A negative electrode material mixture was prepared by mixing 83% of the above-prepared SnSiQs as a negative 
electrode active material, 9% of flake graphite, 3% of acetylene black, and 4% of PVDF as a binder. The mixture was 
kneaded with water together with 1% of cartxsxymethyl cellulose to prepare a slurry. 

The slurry was applied on both sides of a 10 fim thick copper foil by an extrusion coating method, dried, and com- 
pressed by calendering and cut to size to obtain a 41 mm wide and 270 mm long negative electrode having a 36 ^tm 
thick electrode material mixture on each side thereof. 

The resulting negative electrode was combined with the same positive elecb^ode as used in Example 3 and assem- 
bled into a cylindrical battery and evaluated in the same manner as in Example 3. As a result, satisfactory battery 
performance was exhibited similarly to Example 3. 

EXAMPLES 

Batteries were prepared in tiie same manner as in Example 3, except that the positive electrode had ttie inner 
side/outer side coating tiiickness ratio shown in Table 5 below. Ten batteries for each run were tested by repeating 
charging at a constant cun-ent shown in Table 5 to a cut-off voltage of 4.15 V and discharging at a constant current 
shown in Table 5 to a cut-off voltage of 2.7 V. An average initial capacity and an average capacity after 200 cycles of the 
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10 batteries were calculated to obtain a capadty retention (%). The results are shewn in Table 5. 



TABLES 



Run No. 


Coating Thickness 


Inner Side/Outer 
Side Thickness 
Ratio (%) 


Current (mA) 


Caoacitv 
Retention (%) 


Remarks 




Inner Side Otm) 


Outer Side Oim) 










1 


130 


130 


100 


200 


82.2 


comparison 


2 


H 


ft 


ft 


1000 


80.5 


It 


3 


n 




ft 


2000 


72.4 


ft 


4 


120 


140 


85.7 


200 


92.8 


invention 


5 


It 




ft 


1000 


91.6 


ft 


6 


« 




ft 


2000 


90.0 


n 


7 


115 


145 


79.3 


200 


92.0 




8 




ft 


ft 


1000 


91.1 




9 


n 


ft 


ft 


2000 


89.8 


n 


10 


135 


125 


108 


200 


80.1 


comparison 


11 


n 


ff 


ft 


1000 


75.2 


ff 


12 


1* 


ft 


ft 


2000 


67.9 


ft 



It is seen from the results of Table 5 that the effects of the present invention are exhibited more prominently in 
charging and discharging at a high current as compared with at a low cunrent 

EXAMPLE 6 

The slurry of the positive electrode material mixture prepared in Example 1 was applied to one side of each of two 
15 jjim thick aluminum foils to different coating thicknesses. The two coated aluminum foils were laid one on the other 
with the coated surface outside, and used as a positive electrode. The coating thickness on each side of the positive 
electrode was varied in the same manner as in Example 1 (as shown in Table 1), with the total coating thickness on both 
sides being 150 ^m. The positive electrode had a width of 41 mm and a length of 265 mm. 

A negative sheet electrode which was prepared in the same manner as in Example 1 had a width of 41 mm, a length 
of 280 ^m, and a coating thickness of 80 ^m on each side thereof. As a result of performance evaluation, the winding 
properties of the sheet electrodes and the cyde characteristics of the resulting battery were satisfactory 

As has been fully described, the present invention provides a nonaqueous secondary battery comprising positive 
and negative sheet electrodes, each composed of a collector coated with an electrode material mixture containing the 
respective active material, and a nonaqueous electrolyte containing a Irtiiium salt, in which the electrode material mixture 
is present on both the inner and the outer sides of the collector and the coating thickness off the electrode material 
mixture on tiie inner side off the collector of tiie positive and/or negative electrode(s) is smaller tiian that of tiie electrode 
material mixture on the outer side of the collector. The battery according to the present invention is excellent in cycle 
characteristics, and the sheet electrodes have excellent winding properties when rolled up into cylinder. 

While the invention has been desaibed in detail and with reference to specific examples tiiereof, it will be apparent 
to one skilled in tiie art tiiat various changes and modifications can be made tiierein without departing from tiie spirit 
and scope thereof. 

Claims 

1 . A nonaqueous secondary battery comprising positive and negative sheet electrodes, each composed of a collector 
coated witii an electrode material mixture containing the respective active material arxj a nonaqueous electrolyte 
containing a lithium salt, wherein the electrode material mixture is present on both the inner and the outer sides of 
the collector and the coating tiiickness of the electrode material mixture on tiie inner side off the collector off tiie 
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positive and/or negative electrode(s) is smaller than that of the electrode material mixture on the outer side of said 
collector. 

2. The nonaqueous secondary battery as claimed in claim 1 , wherein the coating thickness of the electrode material 
mixture on the inner side of a collector of the positive and/ r negative electrode(s) is fr m GO to 97% of that of the 
electrode material mixture on the uter side of said collector. 

3. The nonaqueous secondary battery as claimed in claim 1, wherein the total coating thickness of the electrode 
material mixture on both the inner and the outer sides of a positive electrode (exclusive of the collector) and the 
electrode material mixture on both the inner and the outer sides of a negative electrode (exclusive of the collector) 
is from 330 to 600 ^m. 

4. The nonaqueous secondary battery as claimed in daim 1, wherein the negative electrode active material of the 
battery contains a compound mainly comprising an amorphous chalcogen compound and/or an amorphous oxide 
compound containing at least two elements capat)le of intercalating and deintercalating lithium and selected from 
the groups lllb. IVb and Vb of the periodic table, and the positive electrode has a thinner electrode material mixture 
on the inner side of the collector than that on the outer side. 

5. The nonaqueous secondary battery as claimed in daim 1 , wherein the negative electrode active material is a com- 
pound represented by formula (I): 

M1M2pM4q (I) 

wherein W and M^, which are different from each other, each represents at least one element selected from the 
group consisting of Si, Ge, Sn, Pb, P. B, Al, As, and Sb; represents at least one element selected from the group 
consisting of O. S, Se, and Te; p represents a number of from 0.001 to 10; and q represents a number of from 1 .00 
to 50. 

6. The nonaqueous secondary battery as daimed in daim 1 , wherein the active material for the positive electrode is 
a lithlum^ntaining transition metal oxide. 

7. The nonaqueous secorxiary k>attery as daimed in daim 6, wherein the lithiunrvcontaining transition metal oxide is 
a lithium-containing oxide of metal selected from the group consisting of Tl, V, Cr, Mn, Fe, Co, Ni, Cu, Mo and W. 

8. The nonaqueous secondary k)attery as daimed in daim 6, wherein the lithiurrHX)ntaining transition metal oxide 
further contain an other alkali metal in addition to U and/or a semimetal selected from the group consisting of Al, 
Ga, In. Ge, Sn, Pb, Sb and Bi, in an amount of 0 to 10 mot% based on the total amount of Mi and M^. 

9. The nonaqueous secondary battery as daimed in daim 6, wherein tiie lithiuoHXXitaining transition metal oxide is 
a titiiium-containing oxide of Co. 

10. The nonaqueous secondary battery as claimed in daim 6, wherein the lithium-containing transition nrtetal oxide is 
one selected from the group consisting of UxCo02. UxNi02, UxC0aNii_a02, UxCObV^^Oz, U^CotJFe^^02, UxMn204, 
IJxMncC02.c04, LJxMncNi2.c04, LixMn(;V2.c02. IJxMncFe2^04, a mixture of IJxMn204 and Mn02. a mixture of 
LigxMnOa and MnO^ a mixture of UxMn204. LiaxMnQs, and Mn02 wherein x = 0.6 to 1 .2; a = 0.1 to 0.9; b = 0.8 to 
0.98; c = 1.6 to 1.96; and z = 2.01 to 5. 

1 1 . The nonaqueous secondary battery as daimed in claim 1 , wherein said nonaqueous secondary battery is charged 
and discharged at a current having 500 mA to 6 A. 

1 2. The nonaqueous secondary battery as daimed in claim 1 , wherein the nonaqueous electrolyte contains LjBF4 and 
LiPFe as the lithium salt dissolved in a mixed solvent of ethylene cartx>nate and diethyl cartx>nate in a ratio of ethylene 
cartx>nate/diethyl cart)onate of 0.4A).6 to 0.6/0.4 t>y volume. 
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